Abstract Oral contraceptives (OCs), often referred to as ''the pill'', are the most commonly employed form of reversible contraception. OCs are comprised of combined synthetic estrogen and progestin, which work to suppress ovulation and subsequently protect against pregnancy. To date, almost 200 million women have taken various formulations of OC, making it one of the most widely consumed classes of medication in the world. While a substantial body of literature has been dedicated to understanding the physical effects of OCs, much less is known about the long term consequences of OC use on brain anatomy and the associated cognitive effects. Accumulating evidence suggests that sex hormones may significantly affect human cognition. This phenomenon has been commonly studied in older populations, such as in post-menopausal women, while research in healthy, premenopausal women remains limited. The current review focused on the effects of OCs on human cognition, with the majority of studies comparing pre-menopausal OC users to naturally cycling women. Human neuroimaging data and animal studies are also described herein. Taken together, the published findings on OC use and human cognition are varied. Of those that do report positive results, OC users appear to have improved verbal memory, associative learning and spatial attention. We recommend future research to employ blinding procedures and randomised designs. Further, more detailed information pertaining to the specific generation and phasic type of OCs, as well as menstrual cycle phase of the OC non-users should be considered to help unmask the potential impact of OC use on human cognition.
Introduction
The oral contraceptive pill (OC) is the most widely employed form of reversible contraception. To date, almost 200 million women, at ages ranging from puberty to premenopause, have taken various formulations of OC [1] , yet the exact long-term consequences of OC use on human cognition remain unknown. Such information is essential for informing women on all the possible effects associated with OC use.
Estrogens and progesterone (P4) are sex steroid hormones predominantly found in women, but are also present in lower concentrations in men. Women produce three major forms of estrogen including estrone (E1), 17b-estradiol (E2) and estriol (E3), with E2 being the most bioactive and potent estrogen under normal physiological conditions [2, 3] . During the menstrual cycle, there are two peaks of E2 secretion, one just before ovulation and a smaller one during the mid-luteal phase. P4 levels remain low during the follicular phase and there is one peak in its secretion during the mid-luteal phase [2, 3] . Sex steroid hormones are primarily produced by the ovaries in women, but may also be synthesized by the brain [2] [3] [4] . In fact, the central nervous system (CNS) is a major target of sex steroid hormone action and shows a high expression of sex hormone receptors [5] . There are a number of overlapping regions of expression between the sex hormone receptors including the forebrain and hippocampus, which support a role of sex hormones on functions other than the reproduction system [6, 7] . Indeed, sex hormones have been implicated in brain development, mood and cognition. Numerous studies suggest that estrogens, especially E2, have neurotrophic effects, improve cerebral blood flow, and promote synaptic plasticity and myelination [8] . Several major neurotransmitter systems are modulated by estrogens, including the dopaminergic and glutamatergic pathways [9, 10] . Acute applications of E2 also have antioxidant [11] and anti-apoptotic properties [12] .
There are two types of widely available OC pills that are either progestin only or the combined OC, containing both a synthetic estrogen and progestin. Although administration of each of these exogenous sex hormones alone is able to prevent ovulation, combined administration of both greatly increases efficacy [13] . Combined OCs can be comprised of mono-, bi-or tri-phasic formulations, referring to the number of different doses of hormones administered throughout the cycle of pills. Monophasic pills administer a consistent and stable amount of hormones across the cycle, while bi-and tri-phasic formulations administer increasing amounts of hormones, in an attempt to imitate the fluctuations observed during the natural menstrual cycle [14, 15] . Ethinylestradiol (EE) is a synthetic form of the endogenously-circulating E2 and is by far the most commonly used form of estrogen in OCs. In contrast, the progestin component varies with each brand. There are currently three generations of progestins. These progestins and their metabolites show distinct biological properties such as their binding affinity to steroid receptors and their transactivational activity on these receptors. For instance, the second generation progestins are often derived from testosterone and are thus more androgenic compared to the third generation progestins, whereas the new progestins (fourth generation) are anti-androgenic [14, 16] . Endogenous hormone levels may be dramatically reduced in women using the OC [17] , while the levels of synthetic sex hormones used in OCs are generally high [18] . Importantly, EE, which is prescribed in most OCs, cannot be converted to E1 or other weaker estrogens, making EE more potent than the endogenous E2 [19] . Despite this evidence, the existing clinical and preclinical research on the cognitive impact of EE is limited with inconsistent findings.
Emerging clinical data suggest that estrogens can significantly affect cognition, particularly verbal memory [20, 21] . This phenomenon has been most studied in postmenopausal women and in populations vulnerable to cognitive decline such as those with Alzheimer's disease [20, 22, 23] . However, the outcome of these studies seems to depend on the specific cognitive domain [24] , type of estrogen [25] , whether women are experiencing menopausal symptoms [26] and the time frame of when the estrogen was administered [21, 22, 27] . In naturally cycling women, verbal memory was found to be enhanced during the high E2 and P4 phase of the menstrual cycle [21, [28] [29] [30] . Further, Maki et al. [29] found that E2 levels correlated positively with verbal fluency and negatively with mental rotation, suggesting that E2, and not P4, selectively modulates verbal cognition. Here, we reviewed the clinical (Table 1) and preclinical research on the effects of sex steroid hormones, OC use, and menstrual phase on cognition, in an attempt to consolidate the existing findings and to identify new directions for future research which may help better unmask the exact impact of OC use on human cognition.
The Effects of OCs on Human Cognition
The Effects of OCs on Lower-Order Cognition Prepulse inhibition (PPI) of the startle reflex is a crossspecies phenomenon which measures sensorimotor gating, a form of CNS inhibition wherein irrelevant sensory information is filtered out so that attention can be focused on more salient features of the environment [31] . A deficit in PPI is thought to reflect cognitive fragmentation and has been associated with mental disorders with cognitive symptoms such as schizophrenia. We have previously tested PPI in healthy, pre-menopausal women who were OC users, naturally cycling women in either the early follicular (low E2 and P4) or mid-luteal (high E2/P4) phase of the menstrual cycle, and healthy male controls. Overall, we found no significant differences between the four groups [32] similar to another study showing no difference in PPI between post-menopausal women who were either users or non-users of hormone replacement therapy [33] . One study found that women with adverse mood-related side-effects from OC use had lower levels of PPI, compared to women with no adverse effects of the OC [34] , highlighting the role of adverse mood on PPI in OC users. In a separate analysis, we compared PPI in naturally cycling women only, and found greater PPI during the early follicular phase of the cycle, compared to the mid-luteal phase, under certain stimulus conditions [32] . This is in agreement with previous literature examining the effects of menstrual cycle phase on PPI [35] [36] [37] . A previous study from our group also found that acute E2 administration in healthy pre-menopausal women had no effect on baseline PPI [38] .
The classically conditioned eye-blink response task, used as a measure of associative learning, was tested by Beck et al. [39] in OC users and non-users. Their study was (2) OC users showed improved acquisition during the ovulatory phase compared to the early follicular phase.
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further separated according to menstrual cycle phase for non-users (early follicular, ovulatory or mid-luteal) and OC users were tested at these same cycle times for comparison, whereby the early follicular phase corresponds to inactive pills and the other two cycle phases correspond to active pills (and thus high synthetic estrogen/progestin levels). OC users acquired the conditioned eye-blink response quicker than non-users. Moreover, OC users, but not nonusers, showed improved acquisition during the ovulatory (active pill) phase compared to the early follicular (inactive pill) phase. The authors concluded that high levels of synthetic sex hormones, as found in the active pills of the OC, may facilitate associative learning. However, it should be noted that these results were confounded by concurrently increased startle reactivity [39] . In a subsequent study, Holloway et al. [40] used the PPI paradigm in the same participants undergoing the classical conditioning eye-blink task. The OC users and non-users, were separated by cycle phase (follicular or luteal) and the study also included male controls. It should be noted that it is unclear if the OC users were tested during active and/or inactive pills in the follicular phase, limiting the conclusions that can be made. The main finding by Holloway et al. [40] was similar to that of Beck et al. [39] in that OC users performed better on the classical conditioning task compared to non-users, and also outperformed men, highlighting a gender difference in this task. Under certain stimulus conditions, Holloway et al. [40] reported lower PPI in males and OC users compared to female non-users . Given their PPI protocol was vastly different to the one used in our previous study [32] , it is difficult to make direct comparisons. Unfortunately, Holloway et al. [40] did not report PPI analysis of OC users across cycle phase or OC type. To our knowledge, there is no other human research that examines lower-order cognition.
The Effects of OCs on Higher-Order Cognition
In this section, a variety of tasks, broadly defined as higherorder cognition, have been employed across studies. For example, working memory is the ability to focus attention, hold information in the mind and perform some active task with that information over a very short space of time. It can further be separated depending on whether the stimulus is verbal or visuospatial. This cognitive ability is an area that has attracted considerable interest in OC research but has been measured in a variety of ways. Gogos [32] employed standard neuropsychological paper and pencil tasks where the immediate and delayed memory domains combined both verbal and non-verbal tasks. Other studies [17, 30, 41] all employed more typical verbal working memory measures. In contrast, Vranic and Hromatko [42] used a novel visual working memory task where participants had to remember the location of either babies, or male faces. Mental rotation is another domain that has been of interest, due to reported sex differences where males are more superior on some tasks of spatial abilities [43] . These tasks require the mental manipulation of visuospatial objects or designs. Several of the studies reviewed [14, 17, 44] employed this type of task. Due to the breadth of measures across studies, we have separated the studies here by comparisons between naturally cycling woman and OC users, within group comparisons across the menstrual cycle and between OC types rather than by cognitive domain.
Comparison Between OC Users and Naturally Cycling Women
In the same study where we examined PPI [32] , higherorder cognitive function was also measured using the Repeatable Battery for the Assessment of Neuropsychological Status (RBANS). The RBANS gives an overall indication of cognitive performance plus five domain scores including immediate learning/memory, delayed memory, attention, language and visuospatial/constructional ability. We found marked gender differences in overall cognitive function, when comparing OC users, follicular phase women, mid-luteal phase women and men. Specifically, OC users and mid-luteal phase non-users performed similarly and outperformed men [32] . Further, there was a tendency for OC users to outperform early follicular phase non-users, who performed similarly to men. This effect was mostly due to changes in the cognitive domains of immediate and delayed memory, and attention [32] . These results suggest that exogenous administration or high levels of natural circulating sex hormones, as occurs with OC use or during the mid-luteal phase of the menstrual cycle, respectively, has a positive effect on higher-order cognition, particularly memory. A study conducted by Vranic and Hromatko [42] separated the cycle phases of their participants (inactive pills/early follicular or active pills/other cycle phases). While they found no difference in working memory between OC users and non-users, they found greater efficiency in solving a content-specific working memory task during high hormone level phases, regardless of whether the hormone phase was naturally-or OC-induced. McFadden [45] found that the spatial performance of OC users was intermediate to males and OC non-users in the mid-luteal phase, with males showing the best spatial performance scores. Hence, they suggest that OC use may produce a weak masculinising effect. This notion is congruent with other studies describing differing levels of androgenicity associated with various types of OC [14] , although the generation of OC was not reported in the study by McFadden [45] . Moreover, preliminary evidence indicates that long-term OC use in pre-menopausal women may influence their midlife cognitive outcomes, even years following discontinued use [46] . Egan and Gleason [46] found that OC ever users performed significantly better than never users in the domains of visuospatial ability as well as speed and flexibility. The authors reported duration-dependent increases in cognitive performance, especially in ever users with more than 15 years of use. However, there was a lack of data on the generation of OC used which prevented the authors from determining if the generation of OC impacted cognition in ever users. One group measured emotional memory and found no difference between OC users and non-users for overall total recall of an emotional story [47, 48] . Interestingly, OC users had enhanced memory for gist whereas non-users recalled more details of the emotional story [47] . Although participants were tested twice, 1 week apart, this study did not report the cycle phase of their participants at either testing time. A recent study by Graham and Milad [49] found that women using combined monophasic OCs exhibit impaired extinction recall compared to naturally cycling women who were categorised as having high estrogen serum levels. Collectively, the abovementioned studies show no clear pattern of cognitive differences between OC users and non-users. Instead it appears that differences may be the result of the variation in hormone levels (regardless of whether this is naturally occurring or exogenously administered) and these effects are task-and context-dependent.
Comparison Across the Menstrual Cycle and OC Cycle
Hormonal variations during the menstrual cycle have been shown to influence cognitive function and may act as a confounding factor in the study of OC users and non-users.
The following section describes a series of studies where women were tested on more than one occasion during the cycle to discern, in more detail, the cognitive performance among OC users and non-users. A study conducted by Mordecai et al. [17] demonstrated that OC users have enhanced verbal memory (as assessed using the California Verbal Learning Test) during the active pill phase compared to the inactive pill phase, while naturally cycling women showed no change across the menstrual cycle. In contrast, Islam and colleagues (2008) found no significant difference between OC users and non-users on verbal memory (assessed using a Paragraph Recall task) across the early luteal/active pill phase and the early follicular/inactive pill phase. The main difference between these two studies is the verbal memory task; however, the inconsistent findings may also be due to different testing days (early-luteal vs mid-luteal) or a smaller sample size in the Islam et al. [41] study. Both Mordecai et al. [17] and Islam et al. [41] also examined a battery of other cognitive tasks including object memory, working memory, verbal fluency, verbal learning, visuospatial mental rotation and attention. However, no significant differences between OC users and non-users were found in any of these other cognitive measures [17, 41] . When comparing naturally cycling women across the cycle, there was a significant effect of a greater rate of learning on a verbal learning task during the early follicular phase compared to the luteal phase [41] . A lack of effect of OC use on verbal memory, visual memory and visual motor processing speed, was also documented by Mihalik et al. [50] , who examined their participants (OC users and non-users) during the mid-follicular phase (3-5 days after menstruation cessation) and the late luteal phase (4-6 days before menstruation). However, this study [50] does not clearly state whether the two testing phases correspond to inactive vs active pills, and if we simply use the days they have listed, both phases were during active pills in OC users and low-medium levels of sex hormones in non-users. Thus the lack of a significant effect may be due to testing occurring during phases that were not markedly different from each other in terms of circulating hormones.
Rosenberg and Park [30] tested OC users and non-users on verbal working memory and spatial ability using a repeated-measures design where they tested participants across 4 separate test days (days 1, 7, 14 and 21). Although no differences in performance were found on either cognitive tasks between OC users and non-users, a significant effect of cycle phase was uncovered. Specifically, nonusers had improved verbal working memory during days 7 and 14 (mid-to late-follicular phase, a time of increasing estrogens) compared to days 1 and 21 (early follicular phase and mid-luteal phase respectively). These findings suggest that increasing natural E2 levels, in the absence of P4, may positively regulate verbal working memory. In other words, the addition of P4 may have opposed the beneficial effects of E2. Rather than comparing OC users with non-users, one study examined OC users during the active and inactive pill phases [51] . An important advantage of this study was that all OC users were on the same type of OC, the combined, monophasic OC, Yasminelle, which contains EE and the new generation progestin, drospirenone. Using this more homogenous sample, in terms of OC type, the authors found that women on active OC pills had enhanced spatial attention as measured by a line bisection task [51] . Overall, limited evidence suggests that cycle phase may influence verbal learning/memory and spatial attention, but not other cognitive domains.
Comparison Across Types of OCs
As alluded to above, the type of OC may significantly impact the outcome of cognitive performance between OC users and non-users. In particular, second, third and new
generation OCs differ in their progestin compound and thus their androgenicity or androgen receptor binding potential [14, 44] . This may act as a potential factor driving the inconsistencies among the existing literature. Indeed, a study by Wharton et al. [14] assessed visuospatial mental rotation in OC users and non-users that were grouped according to three types of OCs (second generation/ monophasic/most androgenic, third generation/triphasic/ less androgenic and new generation/monophasic/antiandrogenic) and three phases of the menstrual cycle (menstrual, follicular and luteal phase groups). The OC non-users (all phases combined) displayed better performance on the mental rotation task compared to the new generation OC users, while second generation OC users tended to outperform non-users. Finally, this study found no differences across groups, cycle phase or OC type in the recognition memory task [14] . In contrast, Griksiene and Ruksenas [44] found that third generation (androgenic) OC users performed worse on the mental rotation task, where they required longer reaction times, compared to OC nonusers. Moreover, third generation OC users performed poorly on a verbal fluency task, compared to new generation (anti-androgenic) OC users and also to non-users. While third generation OCs are generally triphasic and new generation OCs are generally monophasic, this study eliminated this potential confound by only including participants using monophasic OCs. Thus, it is likely that the observed differences between third and new generation OC users are due to differences in the type of progestin used, where the androgenic nature of third generation OCs results in poorer performance, particularly on verbal fluency, compared to anti-androgenic progestins. It should be noted that the study by Griksiene and Ruksenas [44] had less participants than the Wharton et al. [14] study, and the mental rotation tasks used were different among the two studies. Overall, the available evidence suggests that mental rotation is influenced by generation-specific OC use; however the direction of this effect is unclear. Further, the androgenic nature of the OC may influence verbal fluency, but not recognition memory.
The Effects of OCs on Brain Structure and Activation
A small number of studies have shown that OCs may alter brain structure and activation patterns in regions that are associated with higher-order cognition. Using magnetic resonance imaging (MRI), OC users were found to have significantly larger prefrontal cortices, pre-and post-central gyri, parahippocampal and fusiform gyri, and temporal regions, compared to OC non-users [52] . A significant difference in white matter microstructure has also been reported. Using diffusion tensor imaging, OC users were found to show an increased mean diffusivity in the fornix compared to naturally cycling women [53] . Further, the mean diffusivity values in the fornix were negatively correlated with E2 blood concentrations [53] . During verb generation using functional MRI, OC users showed greater activation in the right hemisphere compared to OC nonusers in the menstrual phase in the superior temporal and in the luteal phase in the inferior frontal cortex [54] . Although the quality and quantity of the performance did not differ between each group, these results provide evidence for the importance of hormonal influence in gender-specific cortical activation patterns. Furthermore, during face processing, OC users showed stronger neural responses to faces in the right fusiform face area, compared to naturally cycling women [55] . Recently, cognitive performance and brain activation patterns of OC users were evaluated in two distinct numerical tasks (number comparison and number bisection), and compared to OC non-users and men [56] . During both tasks, OC users showed similar behavioural performance as naturally cycling women, but displayed male-like brain activation patterns [56] . Another study compared the resting state networks associated with cognition in women using combined OC and naturally cycling women [57] . The connectivity of the anterior cingulate cortex and left middle frontal gyrus, two important regions for higher-order cognitive processing, were found to be lower in OC users and women in the luteal phase relative to either the inactive OC users or women in the follicular phase [57] . Together, these studies further support the likelihood that OC use can affect cognitive abilities.
Animal Studies on Sex Hormones and Cognition
Rodent and non-human primate studies have provided a more direct link between sex hormones, especially estrogens, and cognition. To date, E2 has been the primary estrogen used in preclinical research. For example, E2 treatment in hormone deprived young and middle-aged rodents, via surgical ovariectomy (OVX), enhanced spatial memory and visual object recognition performance [58] [59] [60] [61] . Similarly, E2 administration in young OVX monkeys enhanced visuospatial attention [62] . Given that both verbal and spatial memory relies on the integrity of the hippocampus [63] [64] [65] , testing spatial memory in animals may be a clinically relevant model for evaluating the link between sex hormones and human-specific cognitive tasks such as verbal memory. Indeed, recent work in humans suggests that the same place cells in the hippocampus that represent location during spatial navigation also code elements of verbal recall [66] . Due to the presence of an ethinyl group, EE has a higher affinity to estrogen receptors and thus greater estrogenic activity than the endogenous E2 in the brain and body [67] .
For instance, while both oral E2 and EE treatments inhibit the onset of experimental autoimmune encephalomyelitis in mice, only EE was able to suppress the clinical severity when given after the onset of clinical symptoms [67] . Despite the higher affinity to estrogen receptors, the animal literature on EE and cognition is very limited compared to that of E2. Only one study has assessed the effects of EE on cognitive function in young OVX rhesus monkeys [68] . In this study, monkeys were tested on four cognitive tasks assessing visual recognition memory [Matching-to-Sample, object, face and spatial conditions of the Delayed Recognition Span Test (DRST)], while receiving placebo or EE in alternating 28-days blocks [68] . The authors observed that periods of EE treatment impaired face-DRST performance whereas performances on other tasks were unaffected. Further studies with additional categories of faces (rhesus monkeys, chimpanzees and humans) revealed that EE treatment was associated with poor performance for faces of conspecifics only, indicating that EE disrupted the processing of socially relevant stimuli [68] . Other studies on aged OVX rhesus monkeys found a significant improvement in the spatial-DRST following EE treatment [69] but not in a cognitive flexibility task (monkey version of the Wisconsin Card Sort Test) [70] . Another study showed that aged OVX rhesus monkeys performed marginally worse than their intact counterparts on the delayed nonmatching-to-sample task, but outperformed them on the spatial-DRST [71] . A range of factors such as the duration of hormone deprivation, the type of cognitive task and the subject's age, can all influence the effect that EE has on cognition. It is thus essential to consider the aforementioned factors before generalising the effects of EE in animal studies to human cognition in young, pre-menopausal women. Other work in aged rats has identified P4 as the spatial memory deficit inducing agent in intact animals [72, 73] . In fact, previous studies suggest an antagonistic relationship between P4 and E2 in middle-aged OVX rats, where P4 prevented the E2-induced enhancement of spatial memory [74] . Further, P4 inhibits E2-induced increases in mossy fiber sprouting and spine density in the rodent hippocampus [75] and reduces estrogen receptor hybridization signals in the primate brain [76] . Taken together, the available animal data support an effect of EE on cognition, especially in the face processing and spatial domains. Moreover, they highlight the need to consider the generation of progestins in the study of OCs on cognitive function.
Summary and Future Directions
The available clinical and preclinical data on the cognitive effects of OC use is limited and varied. There is marked methodological variability among the studies and limited sample sizes ( Table 1) . The majority of studies have compared OC users with non-users; some have also compared across the cycle phase and OC generation type. Improved performance in the cognitive domain of verbal memory was found when comparing OC users to non-users [32] , active vs. inactive pills in OC users [17] , and with increasing E2 levels in naturally cycling women [30] . However, not all studies found changes in verbal memory [41, 50] . OC users outperformed non-users on associative learning using the conditioned eye-blink response [39, 40] , while active OC pills improved spatial attention compared to inactive pills [51] . Two studies reported significant effects of OC generation (and thus OC androgenicity) on verbal fluency and mental rotation [14, 44] . In contrast, some found no overall group differences in spatial ability [17, 30, 32] , verbal fluency [17, 41] and attention [17, 41, 47] . Taken together, the existing findings suggest that OC use has specific rather than global effects on cognitive function, which may be better revealed when the cycle phase and OC type are accounted for.
Most studies employed a cross-sectional design but none implemented a randomised control trial, perhaps owing to the nature of the intervention being investigated. Whilst some studies attempted to pseudo-randomly assign participants to certain groups (i.e. cycle phase), the conditions were self-selected by participants. Although difficult to discern, differences may exist between those individuals choosing to use hormonal contraceptives and those who do not, which may ultimately influence study outcomes. Here, we reviewed studies which have recruited self-selected OC users instead of using random allocation, thus these OC users are likely to be women who respond well to the OC [17, 33] , have a 'risk avoidance' personality style [40] , or are more sexually active or of a certain sexual orientation. Rahman and colleagues found sexual orientation-related differences in verbal fluency and spatial memory [77, 78] . Further, due to this self-selection factor, there were also no blinding measures reported for either participants or examiners, raising further questions regarding the validity of outcomes across all studies. Of those participant features that were directly observable, it appears that participant demographics were rather homogenous across studies, with recruitment occurring predominantly from university settings. The average age of participants across all studies included in this review was 21 years of age ( Table 1 ). The fact that participant groups were generally aged in their late teens to early twenties may yield important implications regarding the generalizability of results. OCs may influence cognition differently across the life span and women of all ages use OCs. Researching the effects of OCs on cognitive ability in healthy, pre-menopausal women of all ages is therefore needed in order to adequately capture any differences which may exist across the normal ageing process.
There are considerable discrepancies among the existing studies in terms of the cycle phases and cognitive tasks tested (Table 1) as well as the information provided on the OC type (generation, phase and doses). Only a few studies conducted hormone assays to confirm the menstrual cycle phase of OC non-users. The aforementioned factors may collectively be a major source of inconsistency among study outcomes and should be seriously considered in future research. We recommend conducting randomised control trials, or at least repeated testing across appropriate cycle phases. Future research should also employ cognitive tests that have been widely used, are well validated and can be easily replicated. There appears to be an emerging distinction between the cognitive effects of second-, thirdand new generation OCs. Therefore, an important future direction for all studies is to record and group OC users according to the specific generation and phasic type of OC. Finally, understanding the neurobiology underlying the changes in cognition with OC use is a critical next step, where neuroimaging techniques and preclinical animal studies may be particularly useful.
Conclusions
The present review has summarised the existing literature on the effects of OC use on cognitive function in healthy, pre-menopausal women. Human neuroimaging data of OC users and animal studies using EE were also described. The existing literature on this matter is limited with varied methodologies and thus varied results. Nevertheless, significant effects on cognition with OC use have been observed. This field of research warrants further investigation given that almost every woman in developed nations will face the decision of whether to take synthetic hormones as a form of contraception or not. We believe that OC use may have a significant impact on human cognition but that such effects have not been robustly reported due to methodological factors in the available studies. It is clear that much more research is required to fully understand the impact of OC use on cognitive function.
